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JATIOJAL ADVISCRY COMUITTZE FCR ARRONAUTICS

AN INVESTIGATIOF OF AIRCRAFT HIATERS
XX -~ MEASURED AND PREDICTED PERFORMANCE OF A FINNED4TYPE
CAST~ALUMINUM CROSSFLOW EXHAUST GAS AND AIR HEAT EXCHANGER

By L. M, K. Boelter, A, G, Guibert, J. M. Rademacher,
F. E. Romie, end V. D, Sanders

SUMMARY

Data on the thermal performance and the static pressure
drop of a finned-tyne cast~alumlinum exhaust gas and alr hesat
exchanger are presented. One shroud, hereinafter desi~-nated
as the UC=1 or full-crossflow shroud, was used for the tests
on the heater.

The exhaust ras rates used in the tests ranged from 1740
to 5150 vounds ver hour, and the ventilating air rates were
varied from 1000 to h500 pounds mer hour. Static pressure
drom measurements were made across the exhaust fas and venti-
latlns air sides of the hsater under isothermal and non-
i1sothermal conditions,

The measured thermal ocut-uts and static pressure drovs
are co?pared with nredicted magnitudes. (See figs. 2, 3, 4,
and 5.

ISTRODUCTION

e finned-tyoe cast-alumlnum exhaust gas and alr haat
exchangar was tested on the larre test stand of the Mechanical
Engineerins Laboratorles of the Univearsity of California.

(See descrintion of test stand in reference 1.) This heat
exchanger is designed for use in the exhaust {as streams of
alrcraft engines for cabin heatins systems and for wing- and
tall-surfnce anti-~icing svetems,



FACA ARR Fo. 5408 2

The following dates wero obtained:

1. Woilght rates of the exhaust fas and ventlilating alr
through tho roespective sides of the heat ex-
change?

2, Temporatures of the exhaust gas and ventilatlng alr
at inlet and at outlet of the henter

3. Temparatures of the heater surfaces (exhnust gas
side finse)

4, Static pressure drops across the exhaust gas and
vontilating alr sides of the heat exchanger for
isothermal and nor-isothermnl condltions

This investlipgctlon, part of a research prosram conducted

on alrcreft heat oxchangers at the Unlversity of Callfornla,
was smonsored by and conducted with the financlal asslstanco
of the Feotional Advisory Committe: for Aeronautics,

SYMEOLS

nron of hegt transfer: and cross—-scctional area of a
fin, ft

cross—~sectlonal nrea of flow for eithor fluid, ft?

cross—sectlonnl ares of flow for oelthor fluild, measured
wlthin the henter, f£t?

area of heant tr-nsfer messurod over unfinned surface, 2

cross-soctlonal Aarea of flouw for olther fluid, talton at
inlot prossuro measuring strtion, £%°

cross~sectlional area of flow for oither fluid, takon at
outlot prossure meoasuring station, ft2

heat capaclty of fluid at constant pressure, Btu/ld °F
hydraulic dianeter, ft
bagse diameter of clrcumferentinl alreside fins, ft

unit thormal convectivo conductanco for elther fluiad
(avorage with length), Btu/hr ft2 OF
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e

(£cd)o

unit thermal convective conductnnce of either fluild

flowing ovor a fin (avarange with length),
Btu/hr £t OF

urit thormal convective condretance of eithor fluild
flowing over unfinnod surfocds, using hyiraulic
dismeter D as significnnt dimension in equatlon
(6) (avernge with longtn), Btu/hr £t2 OF

Reffective! therwzal conductanco of n finned sur-
face, Btu/hr °OF

(fol)y thormal conductance of fluid flowing ovoer unfinned

Tav

mortion of finned surface, Btu/hr °F
gravitational forco per unit of mnrss, 1b/(1lb soc?®/ft)

welcht rate of fluid per unit of cross-~sectional aroa,
1b/hr £+

thormnl conductivity of fin matorial, Btu/hr ft3(O°F/ft)

i1sothernnl nrassurce dron factor, defined by the oqua-

AP _ Up 3
tion -V- = K -é-é

longitudinnl leangtn of ~ fila; nrd lengtlh of ~ éduct
moasured from the ontrance, ft

longth of a fin projecting into fluid stroam, ft

ratlio of cross—sectionnl area of flow bafore oxpan-
sion to thnt nftor expansion

nunber of fins on oeither side of hentor

hont transfor perinnter of oane fin on elthor side of
hertor, ft

measured rnts of ernthalmny chango of fluid, Btu/hr or
=Btu/ar (k3tu disignnatss kilo Btw, or 1000 Btu/hr)

thicltness of one fin, £t

arithmctlic averngs mixed-~morn absolute tempoeraturs

T
of oither fluid ~ce—wma= oR
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Tiao

AP

APY

APcontr
aoP

exp

APf'ric

APhtr

APiso

Atpy

5408

nixed—mean absoluto temperature of fluid for 1so~
thernmal pressure drop testa, °R

nixed—meai absolute teuperature of fluid, °R

mean velocilty of fluid at minimum ocrose—sectional
area of fluild pameages, ft/sec

over—all thermal conductance, Btu/hr °F
welight rate of fluid, lb/hr

3
welght density of fluid, 1b/ft

static pressure drap, 1h/ftn

over—all static pressure drop (heater »lus ducts)
on either side, inches H 0

isothermel static
contraction in
heater, 1b/ft?

pregaure drop due to a sudden
low passage on either side of

due to a sudden
elther side of

isothernal statlic pressure drop
expansion 1n flow passage on
heater, 1lb/ft2

1sotherrmal static pressure drop
alone, 1b/ft*=

due to frictlon

isothermal static pressure drop across heater

alone, 1b/ftz

over—all 1sothernal statlic presgsure drop along
heater and ducts at temperature Ti.4,
1b/ft= :

mean tenperature differcnce for crossflow as de—
fined by equation (42) of reference 2, °F

lsothermal friction factor defined by the equa—

APygo ot P m
8 4 D 2¢

tilon
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u abselute viscosity of either fluid, 1lb sec/ft?

)

T . Q{xedfmean tgmperature pf fluid, ¥

Re Reynolds number (GD/3600u g)

Subseripts

a ventilating air slde

c convective conductance fc, circumferential fins Dc'
and sudden contraction K,

ce cross—sectlional areas

e "offective® thermal conductance (i‘cA)e and sudden

expansion Kg
f fins or finned surfaces
e exhaust gas slde
u unfinned surfaces
1 entrance

2 exlt section

DESCRIPTION OF HEATER AND TESTING PROCEDURE

The finned—type cast—aluminum heant exchanger tested
is a crossflow unit with longitudinal fins on the exhaust
gas s8lds and with circumferential fins on the ventllatlng
ailr side. (See figs. 1, 6, and "7.)

The heater consistas of a cast tube of aluminum with
30 fins cast on the interior (gas side) and with 68 cir—
cunferential fins machined on the exterior (ventilating
air side). The internal fine are wedge—shape and taper in
length near the ends of the heater, the length of the fins
being 1.28 inches and the over—all depth 147 inches. The
external (ventilating air side) circumferential fins are
1’716 1inches long with parallel sides on a base which has
a dlameter of 6 inches. At each end of the heater on the
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ventllating air silde, the length of the outermost fins 1s
only 19/32 inch. Trom this last fin to the twelfth fin
inward, the length 1s increased regularly to the maximum of
1'/,¢6 inches. The surface of the walls of the internal
fing is as cast — that is, very rough; whereas all other
surfaces of the heater are machlned — that ls, relatively
smooth. (See discussion of exhaust gas side pressure

drop for conslderation of one effect of this roughness.)

The air shroud used, deeignated as UC—1 1n this re—
port, 1is deslgned to give full—crossflow characterilstics.
Photographs of the heater are shown in flgures 6 and 7,

Calibrated square—edge oriflices were used for the
measurement of the welght rates of exhaust gas and ven-—
tilating air,

The temperatures of the sxhaust gas were measured
with travereing shlelded thermocouples. Unshleldod trav—
creing thermocouples were employed for measurement of the
temperatures of the ventilating air.”

Temperatures of the heater surfaces were measured at
two polnts on the exhaust gas side flins at the entrance to
the heater.

Static pressure drop measurements were odbtained across
the ventilatlng air and exhaust gas sldes of the heater.
Two taps, 180° apart, were installed at each pressure—
measuring station.

Heat transfer and statlic pressure érop data for the
exchanger using thils shroud are presented in tables I to
ITI. Plots of these data as functions of the welght rates
of the ventilating air and exhaust gas are presented in
figures 2 to b,

*Because this thermocouple was not shilelded from
radlation to the relatively cooler walls, a temperature

slightly lower than the true alr temperature was obtalned.
A ocalculation shows the error to be less than 1 percent

of the temperature rise of the alr as 1t passes through
the heater.
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METHOD OF ANALYSIS

. Heat Transfer

The thermal output of the exchanger was determined
from the enthalpy change of the ventllating ailr:

1, = ¥a cp, (Tay = Ta,) (1)

in which n was evaluated at the erithmetic average
a

ventilating alr temperature. A plot of gq, &agailnst LY
at constant values of the exhaust gas rate Wg is pre—
sented in figure 2,

For the exhaust gas aside of the henter
ag = ¥g Cp, (Tg, = Tgg) (2)

where cp is taken as that of air* at ths nverage exheust
24

gas tcmporature, Ideally, for the case of a heat exchanger
thermally 1nsulatod from its surroundings, qg would equnl
Qg. DBecause experlence has shown gq, to be the more re—

liable value, it ig used in determining the over—all ther—
mal coiaductance UA, The heat balance ratlos qg/qa are

glven .n tadble I.

*Thig aspproximation 1s permissible here because
the fuel—alr ratio of the exhaust gases used in these
tests was cxtremely lean. In calculations of the per—
formance of a heat exchangor when uslng exhaust gasos,

i1t is suggested that the heat capacity cp of the mix-

ture be computed, using the data for the heat capacity
of the pure component as given 1n reference 7.
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The over—all thermal conductance UA was evaluated
from the expressilon

q, = (UA)Atpy (3)

vhere Atpy 18 the mean effective temperature difference

for crosaflow of fluidse.* This term 1s shown graphically

in figure 3la of reference 2 as a function of the terminal
temperatures of the exhaust gas and ventilating air. The

variation of UA with W,;, using Wg as the parameter,

is shown in flgure 3.

The thermal output of the herter for values of Atpy
and welght rates other than thoss used here may be pre-
dicted bty determining UA at the desired welight rates

from figure 3 and using these ma-nitudes 1ln equation
(3).**

Predictions of thc magnitude of the over—all thermal
conductance UA were attempted, The expression

UA = (&)

1
. ()
“F oA/ gp foh /og

was used. (See reference 2, equation (46)).

The effective thermal conductances for the two finned
surfaces, (fg,A),, and (ch)eg. are determined from the

equations

¥*Both flulds are poetulated to be unmixed as each
passes through the heat exchanger.

**¥This method 1s an approximation only, because the
over—all thaormal conductance UA 1es a functlion of the
temperatures of the fluids UA 0 f,® T°3  and this
fact must be considered when the change in g4 for a
fixed change in the mean effective temperature difference
Atpy 1e desired. (See appendix A, reference 3, for a

dlscussion of the approximation and of the complete cor—
rection.)
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foLa

e + £y Ay (5)

L
(fch)gg = mMDe n J2frks (1 + 5—;) tanh

for the alr side circumferential fins, and

2f L3
(fcA)gg = 0t W2fgks tanh / : + £y Ay (8)

for the gas side fins (reference 2, equations (36) and (38))
where
n number of fins

fe unit thermal convective conductance along fin

s thickness of fin

x thermal conductivity of fin material

L length of fin (projection of fin into fluid strean)
i longitudinal length of fin

De base diameter of circunferential air side fins

Ay tafinned heat transfer area
fu unit thermal convective conductance on unfinned area

For both the air and gas sides of the heater, f,; was taken

as being equanl to the fy along the flins on the corresponding
slde of the exchanger.

Trhe unit thermal convectlve conductances fy on the ven—

t1lating air and exhaust gas sldes were evaluated from the
followlng equation:

- —4 0.3 %8 / D\
fy = 6.4 X 10 Tav 5373' \1 + l.l-Tj (7)

In this equatlon D 1g the hydraullc diameter of the
fluild passage, 1 the length of the passage 1ln the direction
of fluid flow, T,, the average absolute temperature of the
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fluid, and G the weight rate per unit of free area normal
to the fluid flow. All quantities are, of course, evaluated
for conditions which exist on the air side or the gas sige.
- depending on which side the fy 1s calculated. The term

(Jnfl.l %E) in equation (7) is a factor which corrects for

the higher unit thermal conductance at the entrance of the
duct. (See reference 4.) The use of this term has been
Justified approximately by experiments the results of which
will be dlscussed in a report to be published in the near
future. Inasmuch as this gorrectlion factor usually increases
the unilt thermal convectiva coenductance by only a few percent
(~3 to 7 percent). a 8light change in the value of this term
would net greatly affect the actual value of the unit thermal
convectlve conductance.

Equation (7) 1s valid for straight smooth ducts, but
inasmuch ns roughness seemns to have little effect upon the
heat transfer in the turbulent regime (see reference 5, p.
198), and because so little is known about the variation of
the unlt conductance in ducte of complicated geometrical con—
figuretion, thils equation is used as A good approximation.

Hent transfer by radiation from the fluilds to the heater
surfaces nnd aleo that from one surface to another are neg—
lected in this analysis.

SAMPLE CALCULATION OF TUA

(Based on Run 8, data from table I and fig. 3)

Computation of ajr side (fcA)en

0.3 0,8
4T 8,°"
fgs = 5.4 X 107* 28¥ & (1+1.1 25)
po-3 ) " 1
>3

Toy = 2§_§_§l9 + 460 = 662° R
4Acg 4 X 0.170
Dy = —L£8 = - = 0,0245 ft
& P 27.8
L 1620 2
Gg = 3
&= %o = 5.370 9630 1b/hr £t
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Da> ( 0.0245 ) _
+ 1 = 1+1.1 X et = 1.029
(1 1.13 = 0.925

4 662°°% x 9530°® x1.029
0.0245°*%

= 12.5 Btu/hr P £t°

fq = 514 X 10

Effective thermal conductance

/a£¢L?
(fck)ea = nDg n /2f¢ks (1 + 51-';) tanh kfa + fuldy (5)

Dg = 0.5 f£%
n = 63 fina (equivalent number of fins of length 0.0885 f£t)
k = 125 Btu/nr £t3 (%7 /rt)
8 = 0,00584 ft
L = 0.0885 ft
ff = fu
(f4A,)q = 12.5 X 1,20 = 15,0 Btu/hr °F
(feh)eg = MX0.5X624/2X12,5X125X0,00584
2
( 0. oaasj b J/2x12.5x0.0885 + 15.0
125%0.,00584
(£oA)an = 233 + 15 = 248 Btu/hr °F

Computation of the thermal conductance of the gns slde

0,3 0.8

: ) -4 T G
fe =5.4x 100 AT B (1+ 112

+
P, = 291,5_515 + 460 = 1378° R

_ Ghqg 4 X 0,111 _.
D = T e = 0,0592 £t
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¥_ _ 3240
Agg 0.111

Gg =

= 29,200 1b/hr f£t?

12

(1+1 1 —E> (1 + L 1o£92 ) = 1.066

— 1378°°%2 x 29200°
feg = 5.4 X 107% x
fg 0.0692°+2

Effective thermal conductance

_X1.056 . 53,5 Btu/br £5° °F

(ch)eg =n L 45?;;:' tan JﬁEEEE-+ (quu)g : (6)
h = 30
L =1.085 %
s = 0,0156 f%
k =

145 Btu/br £t2 (°F/ft)

2.5 Btu/hr £t2 °F

fr

(fu.n.u)g = 32,56 X 0.932 = 30.0

(foh)eg = 30 X 1.085 V2 X 0,0166 X 145 X 32.5

T
tanh_d/é X 32,5 X 0.107

+ 30,0
145 X 0.0166
= 204 + 30 = 234 Btu/nr °F
Computation of UTA
1. . 1 + 1 =14+ L =0
= —_— .00403 + 0,00427 = 0,00830
UL (feh)ea (foA) 248 234

UA = 121 Btu/hr °F

The

experimentally obtanined value of UA was 120 Btu/hr °F



NACA ARR ¥No. H5AOB 13

PRESSURE DROP

of

B O n [ &

the heater wa

8 postulated to consist of four components:
pressure drop due to converging and diverging ducts leading
to and from the heater, contraction loss caused by fins as
alr enters the heater, the friction pressure loss within the
finned portion of the heater, and the expanslon loss due to
the gas flow diverging upon leaving the finned portion of the
heater.

The loes due te the converging and diverging ducte was
determined experimentally by removing the heater and fitting
the two sections together. It is doubtful whether the pres—
sure drop so determined would agree with results obtained by
measuring each section separatsly, but the difference, for
the present purpose, is probably slight,

The contraction loss on entering the finned section of
the heater was obtained from the equation

2
9333&12 = Kg “—é&g— (Ko = 0.11) (8)

where up 1is the mean veloclty in the finned section of the
heater and Ke 18 & "head loes" coefficient for sudden con—
traction obtalned from reference 6, page 2l1ll.

Frictional pressure loss was calculated using the formula

AP 2
Affric _ ¢ L %Zp” (9)
¥ D 2g

where wp 18 the mean velocity in the finned section and ¢

1s the friction factor for very rough pipe ! £ 0,060. (See
discussion of pressure drop.)

The expanslon loss on leaving the flns was calculated
from
APBIP um3
_;.._ = xe —Eg—- (Ke = 0,096) (10)
where up 1is again the mean velocity in the finned sectilon
and Kg = (1~m)®, m belng the ratio of the cross—sectional
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area before expansion to that after expansion, Ky 1s a
head loss coeffilcient for sudden expansion.(see reference 6,
pP. 211.) The over—all static pressure drop across the ex—
haust gas side of the heater was then the summation of these
terms:

APhir _ APconty , AFfric , APexp (11)
4 i 4 44 Y

Results of the measurements and calculations on exhaust gas
isothermal pressure drop are given in tadble II and figure 5.
‘"They indicate a difference of only 7 percent between measured
and predicted values of the 1sothermal statlc pressure drop.

Ihe isothaermal static pressure drop across the alr aside
¢cf the heater was predicted, dbut the calculations glve pres—
sure drops which are about 15 percent above the observed
values nainly because the complicated flow path of the ven—
tilating air could not be accurately analyzed. The pressure
drop across the air side of the heater was calculated by neans
of the equations: .

(a) Contraction loes as the ventilating air leaves
the ducts and enters the heater section

APoontr up 2
— e = K — KX = 0.31 8
'Y (] 26 ( (] ) ( )

where K, 18 the head loss coefficlent for gudden contrac—
tion (approximation)

(b) Frictional preesure drop

Y D 2g

where 0 1s taken as the friction factor for commercial pipe

(c) Bxpansion loes as the ventllating nir leaves the
heater sectlon and enters the outlet duct

APexp uma
==L = X, T3 (Kg = 0.49) (10)
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whero X, 1s the head loss coafficient for guddien oxprnsion,

equnl to (1l=m)2® whore m 4is tho ratio of the oross~sectional
aron before expansion to that nftoer expansilon,

The sum of thesc hoater losses was then compared wlth
the obsorved pressure drop (due to the henter nlone). Bocauso
the measured l1sothermal pressuro drop consisted of the pres-
sure drop across tho heator nlus that acroess the inlet and
outlet shroud duects, 1t wns necessary, in ordsr to compnre
the calculated and the "observed" pressurce drops, to detor—
mine experimentally the ndditlonal pressure drop due to these
duects. This static pressure drop vhich waos measured for the
ducts alone, wrs subtracted from the mensured isotherm-l
stantlie pressure drop across the heater-shroud combination,
and the rosult termed the observed pressure dron» dus to the
henter nlone APpipe Rosults of thesc calculations nrc pre-
gsented in tadble II. Figuro 4 shows the monsurod isothermal
pressuroc drop and the mredictod 1sothormal pressure drop (ob-
talned by adding the prodictod static prossuro drop dus to
the hentor alone APpi,. and tho mensured duct-shroud lose)

pPlotted s o functlon ol the nir rate,.

Non-isotharmal pressure drop.- The non-isothormal stntlc

pressuro drop for clther sido of tho heat cxchanger was nre—
ictod from the measured lsothormal static pressuro drop for

?hﬁg\sido using tho oquetion (sez roforonce 2, cquntion
5%))
. 1,13
)
APnon---i.t.’.o = APiao( "'""')
iso
2 c/AR® s 4,2
3 8 1 %h & 3 1 1

in which APiso is tho total meansured 1sothormnl static
pregsure drop at tomporature Tjygo; T, aAand T, ~re the
mixed-~morn nabsolute temperaturss of the fluid ~t the inlet
nnd outlet of the hoater, raspectively; T,, 1is the arlthe-
noetic averago of T1 and Tag W is the wolght rate of
fluildg Yl is the welght donsity of the fluld, evnluated at
tomperature T,; A; and A, are the cross~soctional duct
arons at the upstream aAnd downstream prossurce taps, rcespocs
tivoly; end Ay 1is the cross-soctlonal aroa of flow in the
heater,
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A compnrison of moasurod and prodictod non-lisothermal
prossurc drops Across each slde of the hertor is prosonted
--in-table III and-is shown graphlcally in figures and 5,

DISCUSSION

Tho rosultes of the tests on the cnst-=aluminum finned-
typo hoat oxchanger ~nre shown grnphlcally 1n figures 2 to H.
Tho graphs arc based on tho data prosontod in tables I to III,

Hent Transfor

The predictions of the ovor—all thormanl conductance for
this ocast—nluminum hertor, using the fullecrossflow shroud,
aro on the avorage within U4 porcont of tho experimontal val-
uos. Tho calculntions indicate thrt the corntrolling roslst-
ance to hont transfer 1s on tho oxhnust gns sido nt the two
lowor oxhaust gns rates ( ~1740 and 3240 1b/hr). This would
moean that an increonsoc of tho creoss=secctionnl aron of flow on
tho grns sldo of the heater for the purposo of redueing the
high pressuro drop which occuras across this sido should bec
undertrnken with caution dbocnuseo such n chnngo of tho gers sldo
might napprecinbly rcduce tho hent trensfer porformnnco for
theso gns ratces. It must nlso bo kcnt in mind thnt for n
fixed Alr slde rosistanco, A highor thermnl resistance on the
oxhaust gos slde producces r loweored motal surface tempornture.

Invostigntions (scc referonce 5, p. 198) hnve shown that
roughnoss hns little effoct upon the hont transfor from flulds
and thorofore tho roughnoss of the surfncc of the s7nas side
fins was n2glocted In thie annlysls, The offoct of curwature
upon the heat trarsfer from tho hontor surfncos to tho vonti-
lating air wans omltted boecnusc thore nnnmonrs to be no general
corrolation among the experimental dnte 1in tho literanturo,

Isothermal Prossuroc Drop

The prodictcd isothermal stntic prossurc drop ncross
tho air_gidg of the hoator wans bansod upon tho frictionanl pres-
sure dron nlonz the curved flow—pnth and on tho contraction
and oxpansion lossos whlch occur as the vontilatinm alr ontors
and loavos this flow pnth ovor tho henter. Although tho efw
foct of curvaturo was noglected, tho mrodictod vnlues of tho
isothormnl statiec prossure drop wero highor than the moasurod
values. Tho explanation of this doviation lies, porh~ps, in
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the fact that the contraction and expansion were consldered
as occurring suddenly, which 1s, of course, only a first ap—
proxination.. In conformity with previous reports, the frie—
tion factor used in caloulating the air silde frictional stat—
ic pressure drop was taken ss that for smooth commercial pipe.
Justification of the cholice of this friction factor lles in
the smooth machined surface of the circumferential fins.

The isothermnl static pressure drop acrose the exhsust
£n8 side of this heater weas attempted, using the same cholce

of a frictlon factor (snooth commerciasl pipe). When this
procedure was used, however, the differsnce between predicted
and observed values of the pressure drop indicated that the
rough, as cast, surfaces of the oexhaust gas side fins nust

be considered in evaluating the friction factor for use in
equation (9), Trial calculations showed thnt use of a fric—
tion factor of the magnitude § = (0,050 would predict pres—
sure drops which nre only elightly less than those which

were observed. If Nikursdse's results are used for the vari-—
ation of the frictlon factor with roughness At any fixed
value of the Reynolds number (see reference 6, p. 107) 1t 1s
posgilble to predict e friction factor of the desired magni-
tude = 0.050. 3Because this friction factor 1s so great
(about the magnitude of that of concrete pipe), 1t can be
sald, fron a considerntion of the effect upon the frictional
pressure drop, that 1t is deesirable to machine these rough
surfaces, 1f possible. Predieted isothermal pressure drops
for the gas side, using this friction factor, are given in
table II and are plotted as a function of the exhaust gas
rate in figure 5.

A head loss coefficlent to take into account both fric—
tlon and other losses within the heater was coaputed on the
basls of the equation:!

-A—Pg-uux Eg.gi (13)

The values of K obtained for the exhaust gas side of this
Leat oxchanger were of the order of 1.3; whereas those for

the ventilating air sicde were of the order of 2.0. Thess
values of the head loss coefficient pernit a rough estimate

of the pressure drop in sinilar heater sections, (See previ-
ous reports of thie sories for values of the head loss coeffi-
clents for other heater systems.)

Non—isothermal Pressure Drop

Predictione of the non—isothermal statliec pressure drops
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from the measured isothermal presaure drops were attempted
for both sides of the heater. On the air side, the predic—
tions were within 3 percent of the observed values, though
the slope of the predicted curves was greater. On the gas
side, the predictions were about 30 percent higher than the
observed values, but the slopes of the curves were essen—
tially the same. These predictions are shown in the plots
of pressure drop ageinst weight rate of fluid. (see figs,
4 and 65.)

Heater Surface Temperatures

Temperatures of the heater surface were taken at two
points on the exhaust gas side fins, Two thermocouples were
inserted at the tips of two of the finps at & point near the
inlet end of the heater, The sole difference in the location
of these two thermocouples was that one was Inserted in a fin
of slightly thicker cross section than the other fin. The
Junction of each thermocouple was located Just below the sur—
face of the fin. The meaximum surface temperantures recorded
during the series of runs (inlet temperature of exhaust gas =
1000° F) were 745° F for the thicker fin and 795° F for the
other.

The melting point of aluminum is approximately 1200° F,
and, in view of the heater surface temperature ( ~ 800° F)
roecorded with an inlet gre tenperature of 1000° F, 1t would
not be entirely safe to use thils heater in exhaust gas
streams where the inlet gas temperature 1is 1400° ¥ or more.
Even at the temperatures used in these tests, there were
some sllght indications of melting at the surfaces where the
hot exkaust gases impinged upon the fine,

CONCLUS IONS

1. The thernal performance of a croesflow unit with cir-
cunferential fins on the alr side and longltudinal fins on
the gas slde was predicted within 4 percent,

2. The isothermal static pressure drop across such a
unlt was predicted to within 15 percent on the alr side and
within 7 percent on the exhaust gas side.

8. By use of the isothernal static pressure drop, the
non—1sothermal s¢atic pressure drop acrose the ventilating
air side wap predicted within approximately 3 percent, and
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that across the exhaust gas side was predicted within ap-
proximately 30 percent.

-4. @he 1Qothermai friction factor on the exhaust gea
slde was exceptionally high owing to the roughness of the
ag—cast surfaces of the fin walls.

University of California,
Berkeley, Calif., July 1944,
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TABLE-I - EXPERIMENTAL RESULTS ON FINNED-TYPE HEATER

*ON MUV VOVN

A-4 CAST ALUMINUM HEATER UC-1 SHROUD
OVERALL
AIR  SIDE EXHAUST GAS SIDE —— HEATER TEMPS.{ PERFORM.
Run | Ta | Ta | 4Ta | Wa | AR | % | Ty | G | oTy| We | 2P5| %3 ‘b% A Atm,| UA
P - P 4 . P P Zirches | A BLy. ‘ o P M ,
No. | F | F | F | % |"HE 48| F | F | F | Y | Ao | Y | L
3 88 | 227 | /139 | #520| 6./0 | /152 | 60 | 858 | /02 | 190 /97 | /37 | a0 | 7o0 | 595 750 | 2o3
2 86 | 278 | 792 | 3/80 | 363 | /48 |/0ad | 947 | 97 | s770 | 219 | /31 |ass | — - 805 | /83
/ 86 | 312 | 226| 2280| 212 | 725 |/036| 943 | 93 | s/50| 22/| 125 | 400 | 795 | #to 790 | /58
6 95 252 /57 | 2140 /66 ST | /006 | 875 | /37 /750 | 239 | S928 | 073 ef5 | 590 760 /07
5 95 | 286 | 191 | /590 104 | 7I4 | 998 | £79 | /9 | /0| 240 s22| o7 | 680 | 25 750 8
4 96 | 323 | 227 | /020 048 | SE&/ |0/ | S84 | /27| /Mo | 238 | 577 | /o3 | 730 | 695 740 757
94 | 275 | 181 | 2150 176 | 94.7 | 957 | 863 | /8 | 7260 784 | r00 | so7 | TOF | ea5 740 | 727
93 | 30 | 217 | 1620 | /Lr0 552 964 | &71 | 9F | Fedo| 789 787 | od2| 735 | 685 7/0 | 120
975 | 359 | 266 | r070| 060 | 688 | 964 | F92| 72 | 3230 | 796 | €06 | as&8 | TT5 | 745 700 | 923

80YS

oe
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mixnn II.~ ISOTHERMAL STATIC PRESSURE DROP
Cast-Alumimm Heater Using Full-Crossflow Air Shroud
Bun w ¢ APY 50 = APjuot  * APher Arﬂtr Re | E° ¢
(teas.) (meas.) (pred.)
(1v/nr) | (1b/br £63)| (1n. H0) (in.EH0) (in, E0)| (in.E0)
Exhaust Gas Side
18 8000 72,100 23.0 1.70 21.3 17.7 |92,400|1.29{0.0Ls
16 %700 42,400 7.8 .60 7.20 6.62 |54,u00{1.26] .0UG
7 2900 26,200 3.10 .23 2.87 2.67 |33,600{1.32] ,0l49
5 | 1690 15,200 1.07 .08 99 .99 [19,500{1.35| ,055
Ventilating Air Side
10 1000 5,850 0.29 0.02 0.27 0.27 | 3,110/2.40|0.043
14 | 2680 15,700 1.78 .25 1.53 1.78 | 8,330{1.93| .038
20 | 5000 29,200 5. 44 .90 4.5% 5,83 (15,500(1.65| .03Y4
%X vased on eguation (13)
4 4 2g

vhere APhtr =AP1:tr

pressure
snd AP"

X 5.19, 1b/£43

Note.~ In figures 4} and 5, the curves labeled as "predicted isothermal

gred.)?

bteined by plotting the sum of the values APJ .. (meas.)
colums 5 and 7 in this table).
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TABLE III.~ NON-ISOTHERMAL STATIC PRESSURE DROP DATA
Cast—Aluminu.m Heater Using Full~Crossflow Air Shroud
Run W G Tl TE Tav AP'.’!'-SO A?%glelaigo (ggg;]_?o
(1v/nr) | (1v/hr £63) | CR) | (°R) | (°R) |[(4n. B0)| (in. H0) | (in. HQ)
Exhaust Gas Side
3 5140 46,300 1420 1318 | 1369 9.50 25.2 19.6
1740 15,700 1L71 1344 | 1k07 1.12 3.05 2.38
8 3240 29,200 1u2y 1331 | 1377 | 3.84 10.3 7.89
Ventilating Air Side
2 3180 18,600 546 738 6u2 2.35 3.62 3.60
g 1620 9,470 553 770 661 .71 1.11 1.10
4 1020 5,960 556 783 669 .30 L7 .46
®Predictions based on equation (12)
T A2
APpon-iso = APj av > < > [ n > 7,
non-iso iso ( o0 3600 PYTY] gAh I}, 1 ™
A 2
- <f§ + 1 ] (12)
1

AP = AP" X 5.19, 1b/ft®
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Figure 2.- Thermal output of an aluminum finned-type heater as a function
of ventilating alr rate.
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Figure 3.~ Overall thermal conductance of an aluminum finned-type heater
as a function of ventilating air rate.
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Figure 4.~ Static pressure drop on air side of aluminum finned-type
heater as a function of ventilating air rate.
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Figure 6.~ Static preasu.i-e drop on the gas side of an alumimm finned-type
heater as a function of ventilating air rate.
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Figure 6.~ Photograph of finned-type
cast-aluminum crossflow
heat exchanger.

Figure 7.- Photograph of finned-type
cast-aluminum erossflow
heat exchanger.
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